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1Z ON cuD 1Lss CAPLLRSS

)t7,:o-idz',in r,:duc,;o. 0l- reactions -7n solution.
v:'~ Li;- c -ight they anfra u"labile"l hydrogen atom

elc,,, fr-om a suitable donor (reducing a ent) such as
.. ~.dic, Lycerin, Clucozca or-ganic acids, etc., to vArious

c~diin~a-cntu, -*.e. accepto:.- of hydrogen (or of electrons)
Luhas molocu-lar oxygon, quinono,, or dyes possessing a high

U. Xn those casacs when moecular oxygen plays the role of

l;'lchledsto local dehydrogenization. The overall chemical result
of aharato sadces ntefe nryo h ytm

~h~.~ositsedhydrogen transfer reactions are of great interest
:'. -,- problem. of photosyntheos,. which should be accompanied by

___ c. lation of ener~y. and such reacin CV3 n outo haenee
.. a d in t1he b.iophotochemical laboratory2n In these, ascorbic

c 'd which'is a typical reducin-, agent easily giving up hydrogenp
rvaas hydro~cr. donor. Ncvertholos., in natural photosynthesis

int:.ol ,cule of water scrves as the supplier of hydrogen. The
---ura. oxtension of this "ork i., to search for a way of treating

Swater nolecule by which it nay be converted into the reducing
f ~;apable, un~der the action of dye -photoactivaotion, of t ranc;

l' -,rin- hycirogen to an acceptor, and Generating a molecule of ogyrgen,

As one of tGhcce means of treating the water molecule, we
d.ooao:rPti-on on a hydratable adsorbents. In the present papar

wodescribed oxpc--ment1-s carried out on. sili--ca gel in the ,fQM 0. o a
,.,rous jglass, since it was already shown in our laboratory(*3 ) with

holp of irfrared spectra (and is well karown from adsorption
mcasremnts~ 4)that the hydration of the surface of silica gel,

..ause of the formation of surface hydroxyl groups, is capable of
scrving as a hydrogen donor.

As the photosensitiser, and simultaneously the -primary
o", - cn acceptor., were chosen organic dyes the colourless leuco: or.n
of ihich as is uall known are formed as a result of addition of

-.raoen. To verify that thc docoloration of tLhe dyes does occur
;a zre--l. ol the addition of h~ydrogen, and not as a result of the

,.-ui-ative actiOr of ligh-c was used the well known method of
Z.c zi . of oxygen which, taking up hydrogen from the leucoform of
%,L Cye should regernerate the latter, with its characteristic colour
C...d1 absorption spectrum. As a sign of the absence of decomposition
c,.- tha dye was used the possi~it-y of repeated reproduction of the
c;: er .ent on the same adsorbent. In the present work are employed

t~ia results of the investigation of the reversible decolourisation

J, :.~.oiat ptnil t iSsowl known that methy.ene bl.e,
vauu conitoni alcohol solution or in water plus soma

t:norganic or org.anic reducing agents fades on JIIurdneation with visible
-C.ht. The loiacofo-r more-or--less rapidly degencizates the dye in the

prseca of oxygen l )

::n further w.orkc other dyes of the ~haieclass were u.cod--
%,hioninc, and the indanthrene dye, dibenzpyrenequinone.



:-otoblcachin of adsorbed .-thylevne blue
44

's . n chonge in the a tc::"c 'a cc cadsorbed in

ran-, =00-,-,t . The abcor:. . o2 [- by ti! tc.-bed dye
Scte.incd by comparison of te a;:o:'>d c or. . ::oro' zlass

t: h t,. of thi pure porous o. 'or which purpose a special
;t otorte:' cell was conswcucted. The porous Class was used
_the form of t.ransparent sericdi ular plates of thicknqss 3% 1mm,

-. 1 pores of & =.-eter 30-40 o and specific surface 65 m/g,.* °)

.'.-z~otion occurr" b, l:.acir.- the porous -71- olate -n an
solu' ion of the dye of concentration i0- - 10 "/1.

SoizJ. mcasurr..cnts of the quantity of adsorbed substance showed
that the coverage of tnc pore surface of the glass did not exceed

AJox tion from alcohol solutions lead to results ident"cJ
uith thoce obtained with aqueous solutions.

After adsorption the sample was placed in a gl'ss cuvetto with
plane poarolol windowa of diar.eter 25 mmn, and the solvent removed in
a vacuum system with cold traps to freeze out the vapour, for 20 hours
at 20 0 C. Next tIe samples wore subjected to irradiation with a 103 W
heater l, the light of which was focuozed with a reflector through
a light filter KC-16 or KC-1I in the region of the long wave absorption
band of the dye ( = 500 m:). For removal of the near infrared
radiation a water filter of thickness 50 mm was used.

The absorption spectrxi of the a'dsorbate on the porous Glass
prcparcd from aqueous or alcoholic solutions is .-onm in fig.l.l. The
adaorbate has in the U.V. region a single absorption mimum. at 310 m
and in the visible region a principal m.aximm of absorption at 660 m/4
and a secondary peak at 610 in,'. The 650-660 m/' peak belongs to the
dye monomer, and the secondary peak to the dimer.

After irradiation in "he region of the principal absorption
z:i'. ot the dye at 660 m/-, !xC-l f.ter) Lor ten minutes, the

adsorbate fades. There rem.ins a small absorption at 630 m,'0 and the
band at 310 m/- is completely retained (cf. curves I and 2 in fig.l).
The introduction of c.xygen at a pressure of 250 mm without irradiation
results "-er a few hours in the restoration of the blue colour of
the dye (quinone behaves similarly); absorption in the long wave band
increases, but is mixed with the 630 mipmaxdmum (curve 3, fig. 1).
The reversible re-establishment of the colour of the dye under the
action of oxygen (in the near ultraviolet, reversible changes also
occur) indicates the foration of the leucoform of the dye and not
destructive bleaching. The absorption band with a maximum at 610 m/4
must be ascribed to the transient form of the dye which apparently
has an identical shape with maximum obtained on irradiation of
oxygen-frae alchol solutions.tJ

Repeated decolourisa°.ion of the adsorbate in vacuum requires
. e irradiation (up to I hour, in place of 10 minutes: in the first

experiment). In this case, in spite of the increased exposure, the
bleaching of the dye is less complete (4, fig. 1).x The long wave

*-absooption maximum continues to shLt to shorter wavelengtbs as far as
600 mt. Admission of oxygen after the second irradiation does not
lead to the original value of the absorption in the absorption region

ix Figures are reproduced at back of translation.



6 thc; c.*tovn in the prece:c of wate.- vapour, -hich usually -

Al14~ r(Z cnoration of the dye. The abeo -to m~m after
re-eneratirn is at 600 m.- -- that is, it has shifted 60 m,/'

Stheo:~ wove side i relation to th3 o-:'igineJ. value. Subsequent
irraciiation of V. dobt ne au~.cniin

f ;aL;nochange in. the in the V

c-y"h prncpl rx.u belong'ing t h ooe t60mil

"tc~tent ion of ---e photoblcach~n :efc vna o
ccc':ctn of nethflen bl-u when one is sure ta.the rr..ecu s
c ~ .ber-amus be 'iycd or. -. e adsorbent at Zreat d~stances
,'m ach o thur Lhow:s that v, carnnot ascribe the oxdidation-reduction
ote~ac.n~to the inte, .c"ion of nethylene blue molecules with

"a.1 other. C.. i7rradiation, partial bleaching again occurs (2, fig2)
rl%Ih aorme chifting of t.he absorption band. Admission of ojqrgen leads

to the initial value of thc absorption but the movement of ti~e band is
oboervcd to be more prononnc, d (3, fig.2).'x Repetition of the

Zl.iraion reaults in x-.rversible bleaching of the dye.

To clarif^y the role of tho watcr adcorbed on the pore
.uze of the glass and of structural OH groups, we changed the

-,:.'!od of proparing the adsorb cnt. The porous glass was baked in
vacu:.;at ,0eO000C for 6 hours before adsorption. In this case all

?U ary condensed arnd adsorbed uater are rerovcd from the CapiflariC3,
asignificant num~ber of OH g!roups remain on the surface of the

;'osglass. ALfter cooling, tin. porous gl~ss was 2:oaked (under
Sconditions) ir: a dry acetone solution of' methylone blue, With

cubzequent rem.oval of the solvent by pum~ping through a cold trap. The
adzorbato had the came absorption spectrum as before and also bleachad
--xl c n illurdinatior. and recovered its colour in the presence of

The is observed reversible bleachin- and regenerat.on of the
........... ~ blue colour and s'ibseouent repetition of weaker eflfect's leds

' o the crinclusion that only the monomer of the dye, on absorption of
lig-ht, is converted to its leucoform at the expense of hydrogen from the
su~rface ON Croup3 on the porous glass.

The m.. hylene blue dimer, howe.,ver, does not go over to the
1 Nom, and consequently Is not photoactivated in the present

.;ystem. Durin- po:. rful irradiaticn the monomers gradually associatc
,;o d'iLmer as a result of heating of the adsorbate during absorption of

Zgtby the dye.

44 I one illminates in the presence of or:ygen (.I - 1.0 ~~
ar'd hift of the band from 660 to 600 n* occurs; i.e. in the

presenco of oxygen the formation of di-mier from monomer goes
signif icantly more rapidly.

o. o~:rin th oer~' n )f the dye on i~~rz ;
to clari-*y the role of -rgani -aa ., o saturzated th e me';4cne

olue adzorbate with pyjrid:.ne vapour, i;ith subsequent rerroval of the
*~Z~arrcon6c'-sed phase in vacuo.

::-tibylene blue .t..h aesorbcd p-yridi-ne appeared norc zensitive'
conplato bleachin- occ-a.-rin- for lower exposures. L&.
l.~eucofom, also appeared more sensitive to oxygen; regeneration

0-,: t".e colour occurred very rarnidy (figs. 3 and 4.). zAfter the first

~F~'are reproduced at the back of translation.



.. r .raton th, dye ho ion is displacod to
i .. ' m,.. iiu of x.e illunination and admission of o.xrgen
, to ti ,s) did . recsult in further movements. In the absence

tha rhif- s were greater (cf. figs 2 and 3). On
u~ti'io.' of %.ie illumination; and admission of oxygen, the ph ,.o-
• 'ivity of t..e adsorbatc was decreased, and longer exposures were
reoaic,.. iegereration was less comniete even on the trcatmncn'
ti. accorbate .-ith water vapour (ig.).

s......r o:hen.o.onon occurs if the a-sorbate is treated
n 6h yrieine, but .,ith snmonia vapour. The cwvvs r T. ling

from rcpeatcd decolourisations and regenerations of the dye in this
cao are similar" to those obtained in the experiments on srnplcs
con.tain n pyriCZne. The difference is only in the lowering of the
transcnission of the sample., because of cracking of the porous glass.

The bleaching of methylene blue may be carried out not only
"t the expense of OH groups in the microcrystalline glass, but also
by the action of the -O-D of deuterated microporous glass. For this
methylene blue w-.s adsorbed from a solution in heavy water (I 0 -h mole/l
on a sample of microporous glass with surface -O-D groups. Such an
adsor'oate gave in vacuo sLmilar decolourisation under the action of
light, and regeneration under the action of oxygen.

The photcbleacning of r.!eth<rlene blue was subsequently
z' udied at low temperatures. For this was prepared a glass cell which
had in it an internal glass finger, the outside surface of which was
silvered and then electrolytically covered with copper. A massive
bi-ass tube with an opening at the end for the microporous glass was
• -tac-.d to this etallised finger. into-the finger was poured
liquid air or alcohol cooled by dry ice. Measurement of the absorption
Sa ctrm. was carried out relative to air with the help of a special
at'achment to the quartz Bec!cman spectrometer.

The absorption spectrum of methylene blue in vacuum on
cooling in liquid air doe. not change with respect to the room-
c:nvra ture spectrum, but irradiation of the. cold adsorbate under
these conditionj brings about significantly less photobleaching than

at room temperature. For spectral observation of bleaching it was

ncessary to increase the exposure to I hour (at room temperature

cs,.=plc.re bleaching was attained in 10 minutes). On cooling to -7oC,
bleaching was greater than -18 0 C. .x

It follows that photobleaching is strongly temperature
deoendent. From the curves it also follows that cooling the

.dsorbate hinders the formation of dimers on irradiation, although

this is not completely prevented. In spite of the fact that at

-1800C there is actually capillary condensed oxygen in the micropores
of the glass writh a residual pressuie in the gas phase of only 5
there is absolutly no regeneration from the loucoform of the dye.

-700 regeneration goea on, but very slowly compared with the time

• azen at 20 OC. at an oxygen pressure of 5 nmm, complete restoration of
colour took three hours.

.x-erim .ntj were also zcontrived in order to obtain the
:.uc2o_' is. -h. presence of an active hydrogen donor, without
-lumination, in order to co-mare its .pectrum with that of the

coorn-a obtained by photochemical means. To do this, the methylene
blue ad3orbate, in vacuum, was subjected to the action of hydrazine
'-apour at a pressure of 15 r (athout illumination). It was
observed visually that after 15 minutes the adsorbate was almost
completely decolourised. The absorption spectrum of the leucoform of,

i Frozen alcohol solutions of -:-ionine at -180C showed no bleaching
at all during the time of irradiation (5).



tyn blue obtained in this way a cared to be identical to
t.ut of tho bleached dye obtained photochemically. This leucoform
t::. aloo casily regenerated into methylene blue on admission of

.;c: ison aft-% rcmoval of the hydrazine vapour by froezing it outI _i vacu,,. T process of bloc~ing ar colour regeneration may be
i'3VrL n tes "ith th: , o :dsorbate. Iocv*ovcr, the

Src;'r-iL blcazh:ing occurred aLzost thout in the absorption
,mun ri.en pth that "o.h]'cc..' by irrz...'.-ion, 0.o. Wask.:ithot the acco.eanying dimrerisaion process.

'Iic;h 6.ark formation of t .o l.ccoform of methylene blue by
"2: -aetion of hydrazine on a thin layer of the dye was demonstrated
by the work of A.W. Sidorov, who observed in the colourless layer
forned, infrarcd absorption at 3390 o. - ' corresponding to the N-K

P+Y Vhing vltons

"- w;aj possible to propose ; aT, the above describcd decolour-
: ,o. 'o dcorbato of the cye occurz in fa .becauve of a

. ,, . U, .- orbzI e . tro.ca ..' , $ aqueous soltion of
1s sait to bin the iron .1ons in a complex compound(7). The
:,.ain in capillary condensed water .,as punned off and f rozen out
cnd tho zdsorbed methyleno blue examined in the usual way. The
e:c ori:;;cns showed that under vacuum conditions, the same decolour-

,,,-on and spectral changes occurred, without any special features.
Cc.. equcntly the observed reversible bleaching of methylene blue
.-iorbed on the microporous glass is not explained by traces of iron

For a more convincing proof, the artificial introductior of
o- _ valcnt -Lcon into the po cus ZgLas was tried. The introduction

c. iron carried ou' from an aquuous solution containing methylene
/ s;_ ..o.e!. ith si'ulta;:w c adsorption of .ron by iymeroin,. suple in a.i X solution of FeS04 or a F0e solution of

;'. ions wCre -s introduced from aL::.,;onia solutions and concentrated
1 y -ck.,cnt removal of water and amonia, after which the dye was

__orbcd. Spectral measurements showed that iron ions introduced from
C.C.ULo V'eSj o.,Ly resulted in a faster shift of the absorption to thd
shortor :avelength region--i.e. in dierisation of very weak solutions
of the dye. C.rgen in this case weakly regenerated the shifted max-Lmum.

Introduction into the pores of trivalent iron, from an aqueous
zolution o, Fen(SO) 3 or divalent iron from aqueous solution resulted

_o on il inatior in a rap.id shift of the methylene blue absorption
At without bleaching. On admitting orjgen, a movement of the

_Lnes was produced with almost no change in intensity.

.h ;.Qo:%erinents show that the traces of iron present in the
:.;u gla.-s do not influence the decoiourisation of methylene blue

t-at the arificial introduccion of iron ions facilitates not the
beoachin-, out the d imerisation of the dye under the action of 't
" 1 : odZ.cad "I inc. alrcady been established as not photoac. ted.

"cexeerinenz on the photeblcaching of- t
Sater ex:.nc-n~ s

..' c .: :-!ed ouit on other adsors n':;--s.1ica -el and -- mio.ic..
.-. wch like the mcrc':::eus as.s hav surface OH L'oup.x

. . .. o-pored silica gel and aiua nosiiaaae catalyst were

to po,.4oz and placed in horizontal test tu.w r tSheated in vacuu.. "o 5000C for 3-3.5 hours to drive Off
S.. d .r~eazo any capilary condensed and adsorbed water anc then
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... vac:o :ith acetone solution of methylene blue, uith
~&~s~uc :rt imoval of the solvct in vcuo. The resulting
z;ob'atc :ac blue. irradiation in the absorption region of the
cyc for 1-5 r.,inutcz lcd to bleaching of the dye, and admission of

, o..ygen to rcgeneration. Oth.er powders were treated in the same
way; Codiun and potassium salts of silicic acid, barium sulphate,
.. nciu oxide and a poadcred piece of corundum. The powdered
-altz of silicic aci.d and NgO, or. treatment with acetone solutions

hf "he &, Ld .ot become ijluc. The remainder of the powders,
3aL .O and the powdered corundum were coloured by a methylene

bhZ:o so~u' cn of carbor-andom. oNowevcr, this colour did not fade
al: .38±.utcs of irradiation, or on treatment with water vapour and
-' Jt& irradiation.

For a ,more convincing pi'oof "a carr-ied out a rcpla Ment
o.. the curface Oi: aroups of the microporcus glass by clciumM -n
th following way.

First- The microporous glass was immersed in saturated
colut'ion of Ca(O0) 2 , obtained by the action of metallic calcium on

t;atcr, for L6 hours. After two hours of washing with distilled
at-r, and r. . vl of the capilla;y condensed phase in vacuum the

nicroporous -lass becane opaque. Then it was heated at 5000C for
c- hours and zoaked in an acetone solution of methylene blue.

•,,c recultirg pale blue sample was not bleachcd on irradiation in
vacuo for 30 minutes. From this it obviously follows that the

* photoblcachin- of methylene blue occurs as a result of the presence
of surface -OH Groups of the microporous plass, silica gel, and
alumi.nosilicate catalyst.

- %x'~ei wents were carricd out on the blzach ng of Jointly
-Ijorcd safrarna T, and 2 c. lor-phenylindophenol, with methylene
blue. Th3 as-orption mar'ar, of the first dye is in the region
L;0-560 m/'and the second 460-560 m,- . These mazr ma do not co-
incide with that of methylene blue. Irradiation was only in the
Cbsorption region of the latter, tnrough a KC-11 filter. The
dyes were adsorbed from aqueoas and alcohol solutions either
together urith the me hylene blue or separately. The methylene blue

aded on irradiation An the usual way, but the safranin T and 2 chlor
phenylindophenal showed no sign of b. eaching. We must add that
safranin T and 2 chlor phenylindophenol when adsorbed separately on
the porous glass did not fade when irradiated in their own absorption
bands.

Thotobleaching of Dibenzoyrene-quinone, and Thionire

Preparation of samiples of dionzpyrene-quinone and thionine
v:az crried out as described above fo: methylene blue. The DBPQ
a6sorbate on ti'-e porovus glass wras prepared from alcoholic solution
(i.1 not from water as for methylene blue) and after treatment wth
po-ridine vapour and pumping out, after 30 minutes irradiation ; ' h
.;ht from the unfiltered lamp, was bleached faster and more comple' ely

.nu in the absence of pyridine (fig. 5) ', i.e. behaved in the sane
v:ay as methylene blue (figs. 3 and ')X. Oxygen regenerated the dye
al:ost completely.

Hoiever, further bleaching and regeneration was significantly
::r > and 'low-er. Consequently treatmert of the adsorbate with

i p..c de facilitated the reversrie bleaching.

;c igu2res are reproduced at back of translation.
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*'i: tha thionine adsorbate, somewhat different behaviour was... c';.~ .iia thionina adsorbate obtained from aqueous solution was" Jhtly b"c achcd on irradiation through the KO 16 filter for 10 minutes.Oy cn at 250 rmr pressure regenerated the due but this process was not
., J. i 1L-20 hours or in even longer exposure. Repeatea photo-bl-achin_ of the adsorbed dye required lon_er exposures (30-60 min.) to:j.v,; bleaching to the same degree as in the first 10 minute exposure.
G. Ion did not result in revcrsible regenoration of the dye, even in,.po:uro3 u ) to 10 hours-i.e. repeated bleaching of the adsorbate leads'. i L%-cv;rjible bleaching of Thionine. Treatment of the adsorbate

yi-"Zidna did not lead to good repetition of the reversible bleaching,..... ;W, ".s t case for the methylene blue and dibenzpyren3 quinone

.he thionino adsor'bate after treatment with pyridine vapour4. -ign:fica.ntly lcss bleached after 10 minutes exposure, and was stillt.c-x rc .,rated in the pressure oxygen. Repeated irradiation of the
; adco;-bate (30 minutes) in high vacuum leads to irreversible bleaching:o::ygan oven for 75 hours does not c. ange the absorption intensity of the

The present invstigation was carried out under -he directiono: .,.: Tcranin to whom the aut.or is indebted for his scientific
uca n. The author expresses his thanks to Assistant E.B. Lubomudor

w-io took part in this work.

ConcI; !-_ns

, .. , methvlone blue on nicroporous Clac sh*:,s in:itially
-,%i) I Lr under irra..aion an' regeeraticn .,ith v.oecu'ar

c;., (!a n the pi cscnce of oriar..c and inorganic .

n)zri", the -radiat on as a resu.t of heating by the L tt, part0: ,%, ,oro-,r is converted to nLd'L , which is not rev"'3bly bleached.

r(2 otc' leachn-u of the adso'bed dye occurs at low temperature-. .:0 -NAd' significantly more weakly than at room temperature.C., condcnsed oxygen at low temperature has almost no regenerating
S-cz;*; Q, e lcuco" rm of the dye.

;c, iron present in tha microporous glass do not influence. a of adsorbcd methylene blue, and the artificial.odution of i:)n facilitates not the bleaching process, but only"m dmcrisation of the dye uncoer the action of light.

V,) The reversible photobleaching and regeneration of adsorbeddibnzypyrene-quinone on microporous glass in the presence of organic
bases was observed.

(6) Additional experiments show the part played by surface OH groupson the porous eass and other adsorbents in the photoreduction ofmathylen blue.

Received 15.2.1956
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1c 2 .;tJ ~~~z~r of th- -tc .hylpnq blueo adsorbato.
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i.3.Spo)ctr-) -,ransrission of adcorbed methylene bluo +
pyridine~. 1.. In!itiQ spectruam. 2. After 5 rminutes vacuun
irradiation. 3. After 2.5 hours in dark + 250 mm. of 02.

After 5 m.,inrites repeated irradiation~ in vacuo. 5. After
19.5 hours in the dark + 250 ncn. Or 02. 6. After 10 minutes
of repeaTccd 4.rradiation. 7. After 39) hours in the dark +250 mmn. Of 02.
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1.0 nrintez r cpcatc cdiation in vcuo. 9. Aftc_
,211 houw. in tho c .z in C'_-c scnc2 of 210 .,m 0f 2 10-2 . i-0 kfrL-oa5 , i vacuo. 11...ftcr 22 hours in tho

inl tl, To~nCe of 02. 12. SLkr 19 hours in the dark +25D mm.
o 02 + 15 w:. of H2 0 vapou:. 13. LA'tor L0 ninutes repeated
vicuum irraliation. 14. Ai tor 20 hours in the dark in tho
preozence oZ 250 rm. of 02 and 15 mm. of water vapour.
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Fig., Spectral transmnissior of the adzorbate of dibenzpyrene
quinone on porous glass, with pyridine. 1. :nitial (vacuum)
spectrum. 2. After 30 minutes irradiation in vacuo. 3. After
17 hours in the dark, wilth 250 ram. of 02. 4. ff'ter I. hour of

- repeated irradiation in vacuo. 5. After 42 hours in the dark
in the presonce of 250 mm. of 02 -nd 15 mm. o2 water vapour.
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